Abstract: This paper explores the respective roles of local and regional characteristics of urban form on vehicle travel. We hypothesize that the effects of urban form on vehicle use at the local and regional levels are complementary, and we introduce the concept of local and regional action spaces, which are defined based on the accessibility of alternative means of transport within an acceptable travel time, to test this hypothesis. Multilevel and ordered logit models are developed for the San Francisco Bay Area to estimate the effects of urban form and socioeconomic characteristics on vehicle kilometers traveled (VKT) and vehicle trip frequency (for work, shopping, and social/recreational purposes). We find that the two urban scale characteristics exert complementary effects on VKT. However, because people in the San Francisco Bay Area display significantly lower VKT in the local than in the regional action space, we conclude that regional-scale interventions would contribute more to the policy objective of VKT reduction, although local-scale design policies might also help reach this policy goal. Intersection density (for the local action space models) and regional jobs accessibility (for the regional action space models) demonstrated the strongest and most significant relationships with VKT. The built environment did not appear to significantly affect vehicle trip frequency, which is likely due to the uniformly high levels of vehicle use in both the local and regional action spaces in the area.
Background
The discussion regarding spatial scales in the land-use transport literature has mainly focused on the level of spatial aggregation of urban form metrics and the potential effects of decisions regarding these metrics on the validity and transferability of research results (see Handy 1996 , van Wee 2002 , Chatman 2008 , Zhang and Kukadia 2005 , Hong, Shen, and Zhang 2013 for a detailed discussion of the modifiable areal unit problem). Relatively few studies have investigated the complementary effects of different urban spatial-scale characteristics on travel. All the relevant studies have used cross-sectional and (in most cases) disaggregated data in multivariate models of travel behavior.
To the best of our knowledge, Handy (1992) was the first to systematically explore the effects of urban form on travel behavior at the local and regional scales, although several researchers had earlier recognized that people's travel choices may be affected by the position of their neighborhood with respect to the larger settlement pattern (see, e.g., Kulash 1990 , Friedman, Gordon and Peers 1992 , Lerner-Lam et al. 1992 ). Handy analyzed non-work walking and car trips to local and regional centers for 400 residents in four Bay Area neighborhoods and compared their travel choices based on the accessibility profiles of each area. The study found that those areas with high local accessibility (regardless of their regional accessibility) were characterized by higher percentages of walking trips but did not conclude whether there had been a shift from car trips to walking trips. In their study of Seattle, McCormack, Rutherford, and Wilkinson (2001) showed that only 20 percent of trip destinations were within a kilometer of the mixed-use neighborhoods they studied. These authors subsequently argued that different levels of regional accessibility would have a significant impact on residents' travel patterns. Several other studies have shown the important role of regional factors, including distance from the core of the city (Miller and Ibrahim 1998 , Zegras 2010 , Naess 2011 , distance from other secondary employment 61 centers (Miller and Ibrahim 1998, Naess 2011) , and employment density at higher geographic levels in southern California (Boarnet and Sarmiento 1998) .
Stay local or go regional? Urban form effects on vehicle use at different spatial scales
A number of studies have found that local-scale variables better explain travel behavior than regionallevel characteristics. For instance, in their study of five neighborhoods in the Bay Area, Kitamura, Mokhtarian, and Laidet (1997) showed that the micro-scale parameters (distance to nearest bus stop, rail station, grocery store, gas station, park) offered greater explanatory power in all models (number and share of trips for various modes) compared with macro-scale descriptors (access to Bay Area Rapid Transit, mixed land use, high density). More recently, Manaugh and El-Geneidy (2012) found in Montreal that local accessibility is a more important factor than regional accessibility and that the effects of both local and regional accessibility measures significantly varied with household characteristics. In their study of six metropolitan areas in the United States, Nasri and Zhang (2012) employed most of the same variables for both regional and local spatial scales (population density, employment density, average block size, and average entropy) and demonstrated that neighborhood-level characteristics affect VKT more than metropolitan-level features. Moreover, in their study of Bogota, Cervero et al. (2009) found that only street density and connectivity were significant predictors of utilitarian walking and cycling. However, the low variation in the mixed-use and density levels in Bogota's neighborhoods might explain why these variables did not appear as significant in the models.
Finally, few studies have directly addressed the importance of complementarity among different spatial scales. For example, in his study of Boston and Hong Kong, Zhang (2004) showed that the combined effect of micro-and meso-scale features (e.g., densification and increased connectivity) on driving probability was similar to the effect of driving cost, whereas individual elasticities of land-use measures were comparatively low. Additionally, in their study of Wallonia, Belgium, Dujardin et al. (2012) found that regional-scale interventions might lead to energy savings for commuting of up to 21 percent (up to 23 percent for local interventions), suggesting more multi-scalar, context-specific policy interventions in urban and rural areas to achieve better energy consumption rates for commuting. Finally, in the Netherlands, Meurs and Haaijer (2001) concluded that the effects of individual spatial characteristics from different spatial scales are relatively limited, whereas a combinatorial scenario of increased density and mixed land use together with low local and regional car accessibility would shift a significant number of trips from the car to alternative modes of transportation.
Research hypothesis and theoretical constructs
The main hypothesis of this research is that urban micro-and macro-scale characteristics exert complementary effects on vehicle trip frequency and VKT. Micro-scale characteristics measure the built environment at the local spatial level with respect to density (residential, employment), diversity (mix of land uses, jobs-housing balance), and design (intersection density, intersection type, street density, presence and width of sidewalks, bicycle lanes, block size and form, parking provision, street trees, urban furniture). Macro-scale characteristics measure the built environment at the regional spatial level regarding density (residential, employment), diversity (e.g., mix of land uses), and destination accessibility (distance to the central business district, distance to secondary centers, accessibility to jobs). We assume that the complementarity between the effects of the two urban scales results from the existence of two action spaces (Hägerstrand 1970 , Dijst 1999 ) that individuals consider when they make travel decisions: (a) the local (multimodal) action space, which is defined as the area that the typical walking, bicycle, and public transport user can reach within an acceptable travel time for a one-way trip, and (b) the regional (monoor oligo-modal) action space, which complements the local action space and is dominated by automobiles (see Figure 1) . Thus, our "complementarity" hypothesis can be viewed as two sub-hypotheses:
H1: Vehicle trip frequency and VKT (for work, shopping, and social/recreational purposes) within the local action space are mainly affected by urban micro-scale characteristics and less affected by urban macro-scale characteristics. H2: Vehicle trip frequency and VKT (for work, shopping, and social/recreational purposes) outside of the local action space are mainly affected by urban macro-scale characteristics and less affected by urban micro-scale characteristics.
The theoretical link for the first sub-hypothesis is that within the local action space, a well-designed local environment would increase the cost of vehicle use (in terms of both time and money) and also make alternative modes of transport more attractive. Therefore, we might expect a modal shift toward walking, cycling, and public transport, which would likely lead to fewer VKT. We would also expect a direct decrease in VKT because of the shorter vehicle trip distances in a local environment characterized by high intersection density and consequently shorter blocks. Conversely, changing the regional built environment (e.g., creating new secondary centers) is not expected to significantly affect vehicle use and VKT for trips that are currently made locally because the change would likely involve additional transportation costs. The theoretical link for the second sub-hypothesis is that outside of the local action space, a more compact polycentric urban environment would directly reduce VKT because of shorter trip distances (assuming a balanced and matched jobs-housing relationship in the centers) and increase the use of alternative modes of transport (assuming a transit-networked region). Conversely, changing the local environment is not expected to significantly affect vehicle trip frequency and VKT for regional trips simply because there is no alternative to automobiles for reaching these destinations (within acceptable travel times).
The underlying assumption in our research hypothesis is that people consider an acceptable travel time for each trip they want to make, which is a factor that is incorporated into their travel decision processes (trip time budget, or TRTB). The TRTB concept draws from the concept of the travel time budget (TTB) (see Mokhtarian and Chen 2004 for a detailed review) but makes no assumption about the amount of total daily travel time. Instead, TRTB focuses on one-way trips, assuming that a city's average trip time reflects the average acceptable travel time in one direction that individuals use (among other considerations) to make travel decisions. The TRTB concept embodies the idea of ideal commute time and also that travel has a positive (intrinsic) utility (Hupkes 1982 , Mokhtarian and Salomon 2001 , Redmond and Mokhtarian 2001 , Jain and Lyons 2008 Stay local or go regional? Urban form effects on vehicle use at different spatial scales 63 they would like to spend on travel but that they tolerate spending more time until they find that the overall benefits (derived and intrinsic) gained from the trip have decreased. Derived utility is that utility associated with the activity at the trip destination, and any other travel-related utility (or disutility) is considered intrinsic.
We can divide the timeline of a one-way trip into three main periods regarding total utility changes: growth, tolerance, and decay (see Figure 2) . The growth period occurs until the traveler reaches his or her ideal travel time. Both derived and intrinsic utility and, consequently, total utility increase because the disutility of time has no significant effect yet. The growth period is when people enjoy travel and, simultaneously, the potential derived utility from the number and quality of destinations that can be reached over the time steadily increases. The tolerance period is between the ideal and acceptable travel times. As a traveler surpasses his or her ideal travel time, the joy of travel decreases, and boredom (Gatersleben and Uzzell 2007) , monotony, fatigue, and satiation are likely to set in (Hupkes 1982) . Therefore, intrinsic utility begins to decrease until it reaches zero. By contrast, derived utility continues to increase, but at a lower rate, which might mean that the traveler realizes that the additional (marginal) derived benefits of traveling longer decrease (law of diminishing returns, see Rietveld and van Woudenberg 2003, Maat, van Wee, and Stead 2005) or that less time remains for other activities (which is likely with higher utility, see Hupkes 1982 , Dijst 1999 . The total utility slightly increases because of these two divergent partial utility processes until it reaches its maximum level, when the increase rate of derived utility equals the decrease rate of intrinsic utility. Therefore, the traveler is expected to tolerate longer-than-ideal travel times until he or she reaches the acceptable time threshold. The decay period begins at this point. The decrease rate for intrinsic utility becomes higher, and the derived utility continues to increase, but not strongly. Consecutively, total utility decreases-perhaps because people cannot tolerate more traveling-because excess travel is contrary to their instincts (Marchetti 1994) or because of the substantial amount of time and energy spent away from home (see Young and Morris 1981 , Novaco, Stokols, and Milanesi 1990 , Evans and Wener 2006 , Novaco and Gonzalez 2009 for a review of commuting stress, and Hägerstrand 1985 for the principle of return).
It should be noted that travel time is only one potential factor involved in travel and destination decisions. For example, a destination may be within an acceptable travel time but not selected because it may not satisfy other criteria for the decision maker (e.g., type of job or shopping mall). Moreover, given the high variability of intrinsic and derived utilities, acceptable travel time is expected to vary across individuals and for a specific individual on different occasions (e.g., trip purpose, time of day, traveling companions, etc.). There are also preliminary indications that the acceptable travel time threshold does not strongly vary between different modes and between car and public transportation users, in particular. In his analysis of Canadian workers' perceptions of their daily commutes, Turcotte (2006) showed that the addition of the time factor (commute duration) in his model eliminated the difference between drivers and public transport users in their attitudes toward commuting. Moreover, both Hupkes (1982) and Redmond and Mokhtarian (2001) suggested that an ideal commute time is not affected by transport mode, and Young and Morris (1981) identified a similar pattern regarding levels of satisfaction with commute times for both transit and car users. 
Methods

The urban and transport context
The San Francisco Bay Area is the second-largest metropolitan area in California and a major economic center, comprising nine counties and 101 cities with a total population of 7,151,000 (2010) that is projected to reach 9,299,000 by 2040 (ABAG-MTC 2013). It has a polycentric urban form (Cervero and Wu 1997) in which the city of San Francisco is the most important center, followed by San Jose and Oakland. Together, these centers account for 33.5 percent of the jobs and 30.9 percent of the housing stock in the Bay Area (ABAG-MTC 2013). The area has both historically and more recently experienced significant suburban housing and employment growth (Scott 1985 , Walker 2001 , which have contributed to in- creased commute distances and associated transport externalities (Cervero and Wu 1998) and led to losses of agricultural lands and natural resources (Walker 2007) . Approximately 10.5 percent of work trips in the Bay Area are made by public transportation (MTC 2008) , which is nearly double the rate in most US cities (Buehler 2008) . Moreover, vehicle use for work trips is slightly lower (85.1 percent) than in other US cities (typically exceeding 88 percent). Walking and cycling rates to work (3.3 percent and 1.2 percent, respectively) do not differ from other US cities' averages, although both indicators are higher if other trip purposes are taken into account as well (10.3 percent and 1.8 percent, respectively). Roughly half of trips are less than 5 kilometers, and the average trip length is 11.2 kilometers (median trip length: 4.8 kilometers). Vehicle availability is 1.78 vehicles/household (MTC 2008).
Estimation of the local and regional action spaces
The network radius of local action space (R(local)) was calculated for three trip purposes (work, shopping, and social/recreational) using equations 1 and 2 and is presented in Table 1 , along with the average trip duration (acceptable travel time based on the TRTB hypothesis) and the mean speeds of travel modes.
The results show that R(local) for work trips was the largest of all three and was roughly twice that of social/recreational trips and 1.3 times the value for shopping trips.
where R(local) is the network radius for trip purpose j, ATT is the acceptable/average trip time, w is the mean speed of walking, c is the mean speed of cyclists, and pt is the mean speed of public transport.
where ij is the mean speed of mode i and trip purpose j, TL is the trip length calculated as the network distance between the geocoded origin and destination of the trip, TT is the reported trip time, and t is the number of trips. 
Built environment, socioeconomic and travel variables
Two measures of individuals' travel behavior were employed in this study: VKT and vehicle trip frequency. Both were calculated over the course of the two Bay Area Travel Survey (BATS2000) days for three trip purposes (work, shopping, and social/recreational) ( Table 2 ). VKT per person was positively skewed and therefore was log-transformed.
The explanatory variables of the study were divided into three groups (socioeconomic, urban microscale, and urban macro-scale) (see Table 3 ). The network distance of household to central business district (CBD) and distance to the nearest secondary center, along with urban activity (sum of net population and employment density), jobs-housing balance and regional-scale jobs accessibility were used as major indicators for urban macro-scale characteristics. Intersection density, block size, urban activity, jobs accessibility, and local-scale jobs-housing balance were used as major indicators for urban micro-scale characteristics. Household income, size, and number of vehicles, along with age and gender, comprised the socioeconomic variables.
We chose to use major indicators instead of the typically large number of built environment and socioeconomic variables for two reasons: 1) it is highly likely that urban features are highly correlated, particularly within each spatial scale (see Kitamura, Mokhtarian, and Laidet 1997 , Brownstone 2008 , Cervero et al. 2009 ); and 2) the aim of this research is not to investigate the detailed effects of each and every urban feature but to explore the broader relationships of urban form and travel behavior among different urban scales. The selection of major indicators was based on two extensive review studies Cervero 2001, 2010) . Additionally, according to Dill (2004) , block size (area) and intersection density are among the typical measures of network connectivity. Moreover, Appleyard (2013) argues that average parcel size could serve as a proxy for the aesthetic aspects of the built environment (human scale, image, enclosure, transparency, complexity, and tidiness). Other researchers have also recently sought to offer a reduced set of metrics to quantify neighborhood form, including street density and connectivity (Song, Popkin, and Gordon-Larsen 2013) . Distance to secondary centers has not been used frequently in US research but has been employed in relevant studies in Europe (Naess 2011 (Naess , 2012 .
Data on socioeconomic (and travel) variables were derived from the BATS2000, the most recent regional household survey in the nine-county Bay Area. BATS2000 collected information on all in-home and out-of-home activities over a two-day period (sampling rate: 0.61 percent; 15,064 households; response rate: 13.7 percent) (MTC 2004) . Respondents were initially contacted by phone, mailed travel diaries, and contacted again by phone to gather their travel information. Census and spatial data from MTC and ABAG were used to calculate the built environment variables. All data were processed in ArcGIS 10.1.
All micro-scale features were calculated at a two-kilometer radius from the household location to ensure that the attributes of both the immediate surroundings and the wider local area were captured. Regional jobs accessibility was measured as the number of jobs within 22 kilometers of a household location. The isochronic threshold derived from the TRTB assumption. Regional jobs-housing balance and urban activity were calculated for the same radius from the household location. CBD (San Francisco) and secondary centers (San Jose, Oakland, and Berkeley) were identified based on the Metropolitan Transit Commission's area type designation. Network distances between household locations and CBD/secondary centers were estimated with the help of an ArcGIS network analyst. 
Model specifications
Given the nested structure of the data (person, household, neighborhood, region), H1 and H2 for VKT were tested using a system of two multilevel models (MLMs). MLMs can include both fixed effect parameters that are related to continuous or categorical predictors and random effects to account for the random variation of dependent variables at different levels of data (West, Welch, and Galecki 2007) . Intra-class correlation (ICC) was used to measure between-group variance for the outcome variable. The MLM can be represented as follows:
where y is a vector of observations, mean E(y) = Xβ, β is a vector of fixed effects, u is a vector of random effects with mean E(u) = 0 and variance-covariance matrix var(u) = G, ε is a vector of random error terms with mean Ε(ε) = 0 and variance var(ε) = R, and X and Z are matrices of regressors relating the observations y to β and u.
The frequency of vehicle trips at a disaggregate level is a discrete ordered choice and was therefore represented by an ordered logit model (ORL)
1 . ORL is derived by defining a latent variable z to be used as the basis for modeling the ordinal ranking of data-in this case, vehicle trip frequency. The number of vehicle trips is then specified as a linear function for each observation (Washington, Karlaftis, and Mannering 2011):
where X is a vector of variables that determine the discrete ordering for observation n (in our case, socioeconomic and urban micro-and macro-scale features), β is a vector of estimable parameters, and ε is a residual. Using this equation, observed ordinal data y for each observation are defined as follows:
where µ represent estimable parameters (referred to as thresholds) that define y (which corresponds to integer ordering), and Ι is the highest integer ordered response.
The analysis for each trip purpose, in both the local and regional action spaces, was conducted in hierarchical steps for both VKT and vehicle trip frequency. First, base models were developed, and only the group of socioeconomic variables was used. Next, the urban micro-and macro-scale descriptors were added to the base model, one at a time. The next step involved comparing the model fit improvement that each group of built environment variables offered to the base model using likelihood ratio tests (West, Welch, and Galecki 2007) . A final model that included all significant explanatory variables (identified through sequential elimination by excluding non-significant variables) was developed, allowing for a deep-er investigation of specific relationships with VKT and vehicle trip frequency. VKT elasticities were computed for each individual person and averaged over the sample. All MLM and ORL analyses were performed using the R statistical software (the "nlme" package Pinheiro et al. 2013 , and the "ordinal" package Christensen 2012, respectively).
Results
VKT models
We estimated two MLM models (i.e., local and regional action space models) for each of the three trip purposes considered in this study (work, shopping, and social/recreational). Goodness-of-fit changes are presented in Table 4 . The built environment variables (both micro-and macro-scale) significantly improved the base models for all trip purposes. For example, in the case of work trips, the addition of micro-and macro-scale descriptors significantly improved both the local (x 2 = 53.12, p = 0.000) and regional action space models (x 2 = 174.63, p = 0.000). The micro-scale descriptors appeared to play a more important role in explaining VKT variance in the local action space model, whereas the macro-scale descriptors better explained VKT in the regional action space model for both work and shopping trips. For example, in the case of work trips, the addition of micro-scale descriptors significantly improved the local action space model fit (x 2 = 34.81, p = 0.000), whereas the macro-scale variables led to only marginal improvement (x 2 = 12.83, p = 0.025). Conversely, in the regional action space model, micro-scale variables did not add to the explanatory power of the base model (x 2 = 8.70, p = 0.122), but macro-scale variables significantly improved it (x 2 = 154.11, p = 0.000). In the case of social/recreational trips, micro-and macro-scale descriptors offered similar levels of improvement for both the local and regional action space models.
The next set of results addresses the final models for each trip purpose (see Tables 5 through 7) . Specifically, for work trips, intersection density showed the strongest influence on VKT among all built environment variables (β = -0.099, p = 0.000) in the local action space model (see Table 5 ). A 10 percent improvement in an area's connectivity seemed related to a 0.72 percent VKT reduction. By contrast, regional jobs accessibility showed the strongest effect on VKT in the regional action space model (β = -0.116, p = 0.000). According to the elasticity estimate, a 10 percent increase in jobs accessibility at the regional level was associated with a VKT reduction of 0.67 percent. Moreover, a 10 percent increase in the jobs-housing balance (i.e., 0.1 more jobs per employed resident) was associated with a 1.26 percent reduction in total VKT. Shopping trip models presented similar patterns of micro-and macro-scale features' effects on VKT (see Table 6 ). In the local action space model, intersection density showed the strongest relationship with VKT (β = -0.098, p = 0.000), whereas jobs accessibility appeared to be the most important variable in the regional action space model (β = -0.121, p = 0.000). Consistent with the first part of the analysis, the final models for social/recreational trips did not provide a clear indication of the relative strengths of the micro-and macro-scale features' effects on VKT (see Table 7 ). In the local action space model, intersection density and distance to CBD exerted similar influences on VKT (β=-0.043, p = 0.010 and β = 0.039, p = 0.020, respectively), and their elasticity estimates were also similar (-0.027 and 0.026, respectively). In the regional action space model, regional jobs accessibility seemed to exert the strongest negative influence on VKT (β = -0.103, p = 0.000), although block size also acted as a significant predictor of VKT (β=0.056, p = 0.000).
Finally, with respect to socioeconomic characteristics, older travelers had more VKT for shopping and social/recreational purposes in the local action space (β = 0.116, p = 0.000 and β = 0.048, p = 0.000, respectively) but not for work trips. Men seemed to generate more VKT for work in both the local and regional action spaces (β = -0.089, p = 0.000 and β = -0.142, p = 0.000, respectively) and for social/recreational purposes in the regional action space (β = -0.019, p = 0.000), and women seemed to generate more VKT for shopping in the local action space (β = 0.047. p = 0.000). More household vehicles were associated with more VKT for social/recreational purposes in the regional action space (β = 0.044, p = 0.004), whereas higher income was associated with more VKT for shopping in both the local and regional action spaces (β = 0.034, p = 0.006 and β = 0.033, p = 0.025, respectively). 
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Vehicle trips models
We estimated two ORL models (i.e., local and regional action space models) for each of the three trip purposes considered in this study (work, shopping, and social/recreation). Goodness-of-fit changes are presented in Table 8 . Contrary to the VKT models, adding the built environment variables (both micro-and macro-scale) did not substantially improve the vehicle trip frequency models. For example, for shopping trips, adding the built environment descriptors offered only marginal improvement in both the local and regional action space models (x 2 = 25.98, p = 0.004 and x 2 = 36.37, p = 0.000, respectively). No specific pattern was identified regarding the effects of micro-and macro-scale descriptors for any of the three trip purposes. For example, in the case of work trips, macro-scale descriptors seemed to improve both the local and regional action space models' fits more than the micro-scale variables (x 2 = 44.54, p = 0.000, x 2 = 31.48, p = 0.000, respectively). Moreover, in all final models (see Tables 9 through 11) , socioeconomic variables appeared to influence vehicle trip frequency more than any micro-or macro-scale descriptors. Specifically, for work trips, the number of household vehicles showed the strongest positive effect on vehicle trip frequency in both the local and regional action space models (see Table 9 ). People in households with more vehicles were 16.2 percent (in the local action space) and 14.4 percent (in the regional action space) more likely to use private vehicles for work trips relative to those living in households with fewer vehicles. Household size also seemed to have a significant negative effect on vehicle use for work trips in both the local and regional action spaces (odds ratio -OR = 0.912; OR = 0.943, respectively). Moreover, higher household income appeared to slightly decrease the odds of using a private vehicle for work trips in comparison with people in lower-income households in both the local and regional action spaces (OR = 0.967; OR = 0.983, respectively). Women tended to use private vehicles for work trips less frequently than men, particularly for farther destinations (OR = 0.835, local action space; OR = 0.696, regional action space). Regarding the built environment variables, only distance to CBD seemed to have a slightly positive effect on vehicle trip frequency, which indicates that people living farther from a CBD are more likely (0.4 percent to 0.6 percent) to use their vehicles more frequently than are those who live closer to the CBD. With respect to shopping trips, two variables-household size and gender-appeared to be the most important determinants of vehicle trip frequency (see Table 10 ). However, in contrast to the relationship with work trips, household size showed a positive association with vehicle use: Those in larger households were 17.2 percent (in the regional action space) to 21.2 percent (in the local action space) more likely to make more vehicle trips for shopping purposes compared with those in smaller households. Moreover, women tended to use their vehicles more frequently than men for shopping purposes in local markets (OR = 1.238, local action space). Finally, for social/recreational trips, household size appeared to be the single most important variable affecting vehicle trip frequency (see Table 11 ). Specifically, residents of large households were 6.9 percent (in the regional action space) to 11.3 percent (in the local action space) more likely to use private vehicles more frequently for social/recreational purposes in comparison with those in smaller households.
Social/Recreational trips
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JOURNAL OF TRANSPORT AND LAND USE 8.2 109.7 (p=0.000,df=5) 78 JOURNAL OF TRANSPORT AND LAND USE 8.2 Research on the effects of urban form on travel choices falls along a spectrum from total focus on the local spatial scale to total focus on the regional spatial scale, with most studies falling somewhere in between. Few studies fall right in the middle, with a focus on the relationship between local and regional influences. This study explored the respective roles of local and regional characteristics of urban form on vehicle travel. We hypothesized that the effects of urban form on vehicle use at the local and regional levels are complementary, and we formed the following sub-hypotheses:
H1. Vehicle trip frequency and VKT (for work, shopping, and social/recreational purposes) within the local action space are mainly affected by urban micro-scale characteristics and less affected by urban macro-scale characteristics.
H2. Vehicle trip frequency and VKT (for work, shopping, and social/recreational purposes) outside of the local action space are mainly affected by urban macro-scale characteristics and less affected by urban micro-scale characteristics.
MLM models for VKT and ORL models for vehicle trip frequency were developed to test these hypotheses.
Regarding VKT, built environment variables (both micro-and macro-scale) added significant explanatory power to all base models, which included only socioeconomic variables; this result is similar to the findings from other studies (see Kitamura, Mokhtarian, and Laidet 1997 , Sun, Wilmot, and Kasturi 1998 , Stead 2001 , Limtanakool, Dijst, and Schwanen 2006 , Chen and McKnight 2007 , Milakis, Vlastos, and Barbopoulos 2008 . The "complementarity" hypothesis seemed to be confirmed for VKT regarding both work and shopping trips. In other words, urban micro-scale descriptors were more important for explaining VKT in the local action space models, whereas macro-scale descriptors better explained VKT in the regional action space models. The hypothesis was not confirmed for social/recreational trips. Most likely, social/recreational trip destinations are more diffuse than they are concentrated in urban centers. Therefore, regional structure variables such as distance to CBD or to secondary centers do not likely capture their variance. Another explanation may be that the concept of acceptable travel time and consequently the logic of local and regional action spaces do not apply to these types of trip purposes. The "complementarity" hypothesis was also confirmed in the final models in which intersection density (for the local action space models) and regional jobs accessibility (for the regional action space models) showed the strongest and most significant relationships with VKT. Consistent with previous research, increased intersection density and-consequently-area connectivity (see Boarnet, Nesamani, and Smith 2004 , Chapman and Frank 2004 , Chatman 2008 , Cervero et al. 2009 ) and increased regional jobs accessibility (see Miller and Ibrahim 1998 , Sun, Wilmot, and Kasturi 1998 , Kuzmyak, Baber, and Savory 2006 , Cervero and Duncan 2006 are associated with lower VKT. Elasticity estimates for the first parameter in this study varied between -0.027 and -0.072 and between 0.065 and 0.067 for the second parameter. These values were lower than previous findings (see Ewing and Cervero 2010, 0 .12 for intersection density and 0.20 for jobs accessibility by car), although studies with similar indicators and analysis units reported elasticity values that were closer to our results (e.g., Chapman and Frank 2004) . Neither local nor regional urban activity (sum of population and employment density) appeared as a statistically significant factor for VKT, which is consistent with previous research in the San Francisco Bay Area (Kockelman 1997 ).
However, which of the two scales contributes more to the potential decrease of VKT? To answer this question, we should consider that people in the Bay Area display significantly lower VKT (per person) in the local than in the regional action space, at a ratio of 1:6.0 for work trips, 1:4.6 for shopping trips and 1:6.7 for social/recreational trips (the respective ratios of total VKT in the local action space to total VKT in the regional action space are 1:9.6, 1:3.0 and 1:8.6). This lower VKT means that regional-scale interventions can contribute more to the policy target of VKT reduction, although local-scale design policies can also help reach this target in the framework of a synergistic and integrated approach. This result is consistent with previous studies that have found that regional urban form features matter more for VKT than local-level urban form characteristics (see Miller and Ibrahim 1998 , Zegras 2010 , Naess 2011 .
Contrary to the results from the VKT model, built environment variables (both micro-and macroscale) did not appear to significantly affect vehicle trip frequency. Moreover, the "complementarity" hypothesis was not confirmed in the final models because no specific pattern was identified regarding the effects of micro-and macro-scale descriptors for any of the three trip purposes (work, shopping, and social/recreational). One possible explanation is the limited variation in vehicle trip frequency among the different areas of the city. According to our results, Bay Area residents tend to use their vehicles almost equally often for both short (within the local action space) and long (outside the local action space) trips. Consistent with our results, Handy (1992) found in her study on four Bay Area communities that, although higher local accessibility may induce more walking trips, these are frequently made in addition to-rather than in place of-driving trips. Consequently, the potential for VKT reduction comes mainly from reducing travel distances rather than by diverting some vehicle trips to alternative means of transportation. Extrapolating these thoughts into planning policy, a simultaneous intervention on the local and regional scales would likely not affect vehicle trip frequency in the Bay Area but would reduce VKT. However, if these policies were combined with a significant expansion of public transportation, bicycling, and pedestrian networks, then the potential for further VKT reduction might be greater because at least parts of vehicle trips might be diverted to more sustainable modes.
On a methodological level, this study has some strengths but also several limitations. The concept of local and regional action spaces along with the concept of acceptable travel time allowed us to delve deeper into the possible behavioral mechanisms behind the relative importance of local and regional urban form features for vehicle use. This study embodies the first version of those concepts, and their application to the San Francisco Bay Area involved several simplifications that must be taken into account. Future research can offer additional evidence with respect to both the validity of the theoretical concepts and the relative importance of local and regional urban form features for vehicle use. First, the validity of the acceptable travel time concept must be qualitatively and quantitatively explored. Moreover, we did not have data regarding the potential heterogeneity of acceptable travel times, and therefore, this heterogeneity was not incorporated into the estimations of the local and regional action spaces. We simplified the analysis by assuming that acceptable travel time is reflected at the aggregate level by the average trip time at the city level. Further research on the variability of acceptable travel time across individuals, trip motivations, mode of transport, time of day and other occasions would allow a (more) disaggregated estimation and a more realistic representation of the local and regional action spaces. High variability of acceptable travel time would also indicate a fuzzier distinction between local and regional action spaces on the aggregate level. Second, even if acceptable travel time is shown to be a valid theoretical concept, it is uncertain whether people make travel decisions by mentally forming local and regional action spaces. It is one thing to use action spaces as an analytical tool based on Hägerstrand's (1970) well-established theory, but it is another to assume that such a concept has the value of a behavioral decision rule. It is also uncertain which modes of transport are considered part of the local (multimodal) or the regional (mono or oligo-modal) action spaces. For example, it might be the case that someone's local action space comprises only bicycling and walking, whereas public transport and car are included in the regional action space. In this paper, we have assumed that bicycling, walking, and all public transport modes form the so-called local action space or the action space of the alternative modes of transport. An alternative apStay local or go regional? Urban form effects on vehicle use at different spatial scales 81 proach could be to incorporate only bicycling, walking, and local public transport in the local action space and leave regional public transport systems, such as the metro and the train, in the regional action space. Further research to explore the validity of the idea of action spaces as decision rules and experimentation with different modes of transport in local and regional action spaces might add to the robustness of the results. Third, although cross-effects between local and regional scales are also possible (i.e., regional characteristics might influence local trips and local characteristics might influence regional trips)-particularly for shopping trips-this study did not include such effects in its modeling approach because we focused our attention on the relative importance of the main effects (i.e., the effect of local characteristics on local trips and regional characteristics on regional trips). A more complete exploration of the effects of urban form on vehicle use at different scales should involve cross-effects as well. Handy (1992) suggested a qualitative approach for identifying this type of effect that would allow a deeper exploration of the motivations and potential trade-offs in travel choices. Fourth, the use of disaggregated data limited the MAUP possibility (Zhang and Kukadia 2005) in our study, but our cross-sectional analysis-in addition to the fact that people may self-select their home locations based on their travel preferences-did not enable us to make strong causal statements about the explored relationships. Finally, our case study, the San Francisco Bay Area, has certain unique characteristics; therefore, applying this methodology to more US metropolitan areas might help overcome generalizability issues. 
